In this short communication we call attention to the discovery of a ring depression (a circumferential constriction) in the horncore of a feral bull. This discovery casts doubt on the attribution of similar lesions in archaeological deposits as conclusive evidence of 'cord impressions' resulting from yoking or reining cattle for traction. Drawing upon evidence of horncore depressions in other species, we suggest that they reflect metabolic problems following horn development; additional research is required to test this hypothesis.
Palaeopathological evidence provides an attractive alternative, because it can provide a direct and abundant source of evidence regarding the use to which animals were put. Cattle did not evolve to pull ploughs and carts and it is well-recognised that the biomechanical strain resulting from such activities can manifest itself in adaptive and degenerative remodelling of the skeleton (Lanyon and Rubin 1985) and is identifiable archaeologically. Most research has focussed on recognising and quantifying the degree of remodelling in the autopodia of cattle (Bartosiewicz et al. 1997; de Cupere et al. 2000; Higham et al. 1981; Thomas 2008) , although emphasis has also been placed on other skeletal elements, such as the pelvis (Groot 2005) .
In 1991 Milisauskas and Kruk illustrated and described a cattle horncore from the late Neolithic site of Bronocice in southeastern Poland (dated c. 2300-2100 cal BC) which exhibited a ring depression (a complete or partial circumferential constriction) located near the base of the core. Drawing upon historic and ethnographic parallels they described the lesion as a "cord impression" and cited this as evidence that cattle were either horn yoked or that the yoke was attached below the neck but that the reins were tied to the horn (Milisauskas and Kruk 1991, 563) . This discovery, alongside material culture, ard marks and other zooarchaeological data, was used to argue that traction technology was present at this site as a manifestation of the 'secondary products revolution' (Sherratt 1981) . Subsequent discoveries of ring depressions in cattle horncores at other sites have repeated this interpretation (e.g. Onar et al. 2015 Table 1 : frequencies of resorptive lesions in the horncores of cattle from two post-medieval sites in Chester, U.K. (Doherty et al. unpublished; Sykes et al. unpublished) .
The Chillingham Specimen
Ongoing research to characterise the nature and frequency of bone pathology in a contemporary herd of feral domestic cattle from Chillingham Park, Northumberland, UK ( Fig. 1) , has brought to attention a lesion consistent in appearance with the specimen described by Milisauskas and Kruk (1991) . The Chillingham herd are documented as feral from at least AD 1645 (Hall 2006) . The size of the herd is, and probably always has been, relatively small (currently c.100 head) and the animals are permitted to range freely across a gently-rolling 135-hectare (wood pasture) park through which a stream meanders gently. The animals receive no veterinary intervention, although they are given supplementary feed (hay) during harsh winters. The herd remain healthy despite inbreeding depression caused by their isolation and small population size (Visscher et al. 2001 ).
The specimen in question comes from a bull aged over 10 years (Halstead 1985) . A circular constriction is visible near the base of the horn in the keratinous sheath as well as the underlying bone core (Figs 1-3 ). The occurrence of this lesion in an animal that was never yoked raises doubts concerning the interpretation of Miliskauskas and Kruk (1991) . Horncores from animals known to have been yoked/reined by the horns with ropes are certainly required to confirm whether "cord impressions" can result from these practices.
If not a consequence of yoking, it is necessary to consider other potential causes of ring depressions, to establish their potential value for reconstructing past human-animal relationships. Differential diagnosis is challenged by the absence of clinical recognition. Some classes of disease can be excluded, however, based on the appearance of the lesions. For example, neoplasia of the horncore would be characterised by extensive bone destruction within the interior of the horncore (e.g. Gomes et al. 2012) . Trauma can also be excluded as a potential cause. While horns serve an important role for cattle in competitive display, they are highly resistant to fracture (Kitchener 1987) ; notwithstanding their relative rarity, lesions of healed trauma would be characterised by callus formation, displacement and more variable anatomical positioning. Furthermore, the radiograph (Fig. 3) shows normal bone in the 'wall' of the core in the lesion and the trabeculae underlying the lesion are consistent in appearance with the rest of the sinus.
It is possible that such lesions represent an anatomical variant and do not have a pathological origin. However, the constrictions of the horncore in the Chillingham specimen could reflect a metabolic imbalance. Once fused to the frontal bone, horncores develop through appositional growth at the tip and the surface; as growth comes to an end, cortical bone is laid down within the interior (Davis et al. 2011 (Davis et al. : 2861 . In contrast to antlers, horncores undergo active remodelling throughout the animal's life (Davis et al. 2011 (Davis et al. : 2861 . The fact that ring depressions occur consistently towards the base, suggests that they form towards the end of horncore development, or after the horncore is fully developed: more variable positioning would be expected if they occurred during the active phase of horncore growth, mirroring the presentation of hypoplastic defects in teeth.
Focal resorptive lesions of a different character (sometimes termed "thumbprint depressions"), have been observed in the horncores of domestic (cattle, sheep and, to a lesser extent, goat) and wild (steppe bison) bovids (Albarella 1995; Bartosiewicz 2013: 160-163; Clutton-Brock et al. 1990; Hatting 1975; Keirdorf et al. 2016) (Table 1 ). In sheep, this condition was originally thought to have been caused by castration; however, their occurrence in ewes ruled out this explanation (Hatting 1975: 346) . Instead, these lesions were reinterpreted as a secondary response to "environmental stresses, such as malnutrition, repeated pregnancies and lactations, intensive milking, or … a combination of these factors" (Albarella 1995, 704) . In Late Pleistocene steppe bison (Bison priscus), Kierdorf et al. (2016) similarly concluded that they reflected localized bone resorption during periods when demand for minerals exceeds dietary intake, resulting in the mobilisation of calcium and phosphorus from osseous tissues. Circumstantially, the feral status of the Chillingham cattle, might have increased the likelihood of primary or secondary nutritional inadequacies.
Supporting evidence for this interpretation is potentially provided by co-occurring ring and "thumbprint" depressions in three cattle horncores (0.12%) at Witter Place, Chester (Fig. 4) , although not at City Road. However, the fact that "thumbprints" and ring depressions are more frequently identified in isolation rather than together (Table 1) , could equally indicate that the two pathologies have different aetiologies but occasionally co-occur by chance. Further research is required to establish any potential link. In summary, this discovery casts doubt on the attribution of ring depressions in cattle horncores as conclusive evidence of 'cord impressions' resulting from yoking or reining cattle for traction. Drawing upon evidence of horncore depressions in other species, we suggest that they reflect metabolic problems following horn development. Studies of cattle exhibiting ring depressions with detailed life histories and/or dietary stable isotope and histological analyses of archaeological specimens are required to test this hypothesis.
